Abstract. In this article the process of constructing a model is carefully considered and presented in full details. Flow diagrams and word equations are constructed both to aid in the model building process and to develop the mathematical equations. To illustrate the general material we propose the simple shell model to describe the focusing of cool atomic beam interacting with open-loop modulated optical field. This model can be apply to form efficient splitting effect in momentum space.
General Principles of Mathematical Modeling
Scientists, engineers and economists, working on a wide variety of problems, now a day find it useful to setup mathematical models of the systems, which they are investigating. To do this, they give a simplified description of the problem, which allows equations to be setup and then solved to make predictions. By studying this article one will appreciate the extent to which mathematical modeling is currently being used in the various sciences and why mathematics is so useful in helping to solve scientific problems.
1.1. Use of Models: Models of systems have become part of our everyday lives. They range from global decisions having a profound impact on our future, to local decisions about whether to cycle to university based on weather predictions. Together with their provision of a deeper understanding of the processes involved, this predictive nature of models, which aids in decision-making, is of their key strengths. One of the aims of modeling is to segregate the most important factors in a problem and ignore those, which may not be important. Even very complicated processes can initially be analyzed using very simple mathematical models, which may later be extended to more complex and realistic models by incorporating more features.
Diverse Applications:
It is impossible to imagine modern science without the wide application of mathematical modeling. Mathematical modeling is a bridge between the study of mathematics and the applications of mathematics to various fields. In particular, many processes can be described with mathematical equations; that is, by mathematical models. Such models have a use in a diverse range of disciplines. In general, with such a diversity of modeling applications it is not surprising that many different areas of mathematics are used. These include differential and integral calculus, differential equations, matrices, statistics, probability, to name just a few [1]:
1.3. Decision-making: To build a model there are many decisions that must be made, either explicitly or more often implicitly. Some of these are shown in the following figure: Figure 1 . Some levels of description for mathematical model building.
Each of these is a continuum rather than a discrete choice. This list is not ex-haustive, but it's important to keep returning to it; many efforts fail because of an unintentional attempt to describe either too much or too little. Modeling is an extremely powerful tool, a framework for research, debate and planning, which provides a valuable source of information for decision-making. 
Example: Shell Model of Beam Splitting in Momentum Space
In nanolithography the optical control of atomic motion is one of the main problems. In principle, we can make such a control for atom dynamics because there is an exchange of momentum between the atoms and the optical fields. The momentum exchange can be created with practical devices: atomic mirrors and atomic beam splitters which are main elements of atomic interferometer. The most interesting possibility here is to obtain the splitting of the initial atomic wave packet coherently into two main momentum components only by controllable way. It is needed both for increasing of atomic interferometer sensitivity and for the creation of periodic nanostructures by atomic wave packet lithography [4] .
The principal opportunity to split the beam in the momentum space was demonstrated in [5, 6] . To achieve the effective splitting, we apply the scheme of open-loop control, or feedforward control, i.e. a control signal depends only on the time. Our control goal is to obtain the large angle splitting for the initial wave packet after some time of the interaction between the atoms and the field of modulated standing wave.
Word Model and Mathematical Model:
The ability to generate ultracold atoms using lasers has opened up new possibilities. The long de Broglie wave of cold atoms makes possible an interferometric manipulation with atomic wave packets, which is designed by an optical standing wave. In this case, atoms can be controlled directly to form a desired pattern. To produce the pattern with high resolution, we need to split the wave packet into two coherent momentum components only. For the model with only two states (i.e. an approximation of two level atom states), we have to split the population of the lower state (because the population of the exited state usually loses the coherency very fast by spontaneous decay) in several momentum components (in an ideal case -only two). At the same time to form the pattern with small step we need to control the scale of splitting between two main coherent components in momentum space. Therefore, an atomic beam splitter is the main element for the practical realization of nanoscale lithography with the controlled step by coherent scattering of an atomic wave packet.
Let's consider now a two level atom in a far detuned standing wave with the intensity modulated in time as I = I 0 f (ε, ∆ · t, φ 0 )cos(kx), where ε is an amplitude, ∆ is the frequency of the modulation, and φ 0 is an initial modulation phase. The standing wave with the frequency ω 1 applies between two states of atom system, where the state 1 is ground and the state 2 is the exited one. Here, ω 0 is the frequency of atom transition and the difference ω 1 − ω 0 is the detuning. We will assume that the beam from an atom source propagates along z-axis and crosses the optical wave, stadning along x-axis, by right angle. The spontaneous emission from the upper level in this system can not be neglected. After some time t of the interactions between the atoms and the field of the standing wave, the initial atomic wave packet is splitted in few coherent momentum components.
Dynamics of the atom in the modulated standing wave is described with nonstationary Schroedinger equation for the wave function Ψ(r, t) of the two level atom:
whereĤ is a Hamiltonian which takes into account both the atom movement along the standing wave and the dipole interaction between the atom and the optical field. For sufficiently large detuning, when it is much larger than Rabi frequency and the natural width of the atomic transition, Ω >> R 0 , Γ (where R 0 is the Rabi frequency, Γ is the natural width of the transition), the excited state 2 can be adiabatically eliminated. As the result, we obtain the equation for the amplitude of the probability of the ground state Ψ 1 (x, t):
and m is the atom mass.
After the Fourier transform the same equation in the momentum space is given by:
where
Here we normalised atom momentum along x-axis to k and the other quantities (the interaction time, the Rabi frequency and the detuning) we normalised to the recoil frequency ω R . We have to point out that equations (2)- (3) are valid in the approximation when both the changing of atom momentum along z-axis and the initial value along x-axis can be neglected.
Shell Model for the Splitting Process: Parametric Control:
To explain the effect of splitting in the momentum space we start from the case of parametric control with a constant R. We invent a complex shell model for Ψ 1 -function. Initially the atomic beam has a Gaussian distribution centered at p = 0. Thus, from the structure of the RHS (3) we can expect the non-zero meanings of Ψ 1 functions to be concentrated in the neighbourhoods of the points p = 2n, where n = 0, ±1, ±2, .... Then we can predict the continuous dependency on p with the discrete number n: Ψ 1 (p + 2n, τ ) = y n (τ ). Dynamics Eq. (3) can be re-written in the form:
with the initial conditions: y 0 (0) = 1 ; y n =0 (0) = 0 . Now we want to limit our shell number. In the case of five shells, we will omit the coefficients 4 and 16 in RHS of Eq. (4), because the numerical meaning of R 2 is about 300 (i.e. R 2 >> 4 and 16 ), and we have the following system of equations.
with initial conditions y • (0) = 1, y 1 (0) = y 2 (0) = 0. We demand for the elder shells: y ±3 = y ±4 = ....... ≡ 0, for any moment τ . The solution of system (5) and the splitting effect for the model of 5 shells in the case of constant R is given in [6] .
Shell Model for the Splitting Process: Time Dependent R:
Now we solve the system (5), and the solution is: Case-5 Figure 5 . The splitting effect of elder shells .
Conclusion
In this paper we concentrated on the possibility to split an atomic wave packet in standing wave with modulated amplitude because this beam-splitter has a number of advantages by comparing with others. The first one is the simplicity for an experimental realization because it is quite easy to obtain the time modulation of intensity with any shape. The second advantage is that the scale splitting of an atomic wave packet can be controlled by changing the values of both an amplitude and the frequency of the modulation.
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